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FOREIIORD

o'le of the current concerns of fisheries biology is to c1alify
the reason for armual fluctuations in fish popufations. rhe ability of
a populatlon to replace itself j.s delermined by the age structure,
grodth and fecundity of the nature stock. fhe high fecudity of nany
malilne fiehes inlplies that an extrenely hlgh rate of nortality must be
expelienced by each year class, Most of this mortallty occurs during
th6 pelagtc 1arval stage, and for thls reason the characteristics of
Larval nortality are closely related to the baslc problens in the
population dtmallics of fishes.

This paper has been plepared with the intention of sl.[unarizlng
the €xisti.ng knowlealge about the eggs €rnd l-arvae and the early life
hlstoly of narjne fishes. It is based on revisions and sunneries of
aeve).al lectures presented by the authot at regionaf training coutses on
flshery stock assessrent and fishery statistics held at SEAFDEC, Bangkok,
ln sept€aber - october, 1981.

rt is the autholrs hope that the present paper witl be of value
to SEAFDEC trainees as one of the first step6 towards wlalelstanaling the
ploblens of fisherj.es biology.

1. AACKGROUND KNOI{I,EDGE ABOUT FISH POPUIATION

1.f  l i fe history

ahe term "Life hlstory" ls ofletr used to denote the whole
llfe of fish population and can be regarded as the life cycle ittth a
clrculat ing systern (Ftg. l ) .
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Fig. 1 Llfe cycle of fish populatlon
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Ilor.6vs!, no aliacliDinrtlve ayst€or of alevelolbental stagea
auch aa Blto n in FIg. l, ll.s lr66n universally adolrted to c.over all flsh
populations, other syat€os have baen proposeal by fldheries biologlsts
(Tabl€ l) teflectlng the sught aliffelenttal forb6 existlng amng flsh
spec''e9.

Table l. Dlscrimination of alevelopnental stages
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The fish populations which cone inb tne ftshlng ground in
young, immature and adult stages cajl be harvested (utilized) by fl-shelies.
h the teminology of fisherieE blology, this is knor,Jlt as ',recruitrent,' .
The fact that the anount of bionass of recruitnent irould be detennined
by the anount of bionass of earfy life stage of a flsh population is
self-evialent. Thele seens to be a rule that the nuierical value of a
year class is appalently stated at a very eatly age whlch has been polnted
out as a icritical period" by qjort (1914). Thus the inportant factors
which cont-rol the density oi abrmdance of a fish stock bust be irhotly
contained within the early life stages. (Fig. 2) This is the reason l'hy
further studies on eally life history are required. Al-though the i'critlcal
peliodr' hypothesis of the cause of fluctuations jn the yea!-class stzeg
of rnarine fish was postulated nearly seventy years ago, little evj-dehce
ltith which to test the hypothesis has been accirmulated since tien. This
is owing nainly to low precision of field data, accohpanied by sanpling
er!o:.s (physical and biological errots) but also olring to the lack of
kno$ledge about the early life history of natine fishes. study of earl.y
life history has a worlal-wiale siqnificance frorn the standpoint of
alevelopment of Stock assessrent studies.
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Fiq.  2 Schenat ic  representat ion of  theoret ica l
types of surviwal curve

1,2 Early l i fe hj .stoly

1.2.1 Character lst lcs of eqqs

Marine fishes inhabiting the epipelagic laye! of
both coastal and open waters of ocean ale called petagic fi6hes. On
the othe! hand, the fishes whose nain habitat is around the bottom zone
of the sea are called d€inelsal fishes.

t
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The characteristics of spairnj.ng are aliffelent for pelagic anal
de$ersa1 fishes (Ta.bfe 2). The eggs of nari.ne fishes are roughly
,rlassified into tDo typesr epipelagic and dener:sal. Denersal eggs are
further classifj.eal into non-adhesive, adhesive and entwined egqs. the
majority of pelagic fishes such as sardines, mackerels, scads, tnnas
and narlins which inhabit the epipelagic tayer: both of coastal and open
waters of the ocean lay epipelaqic eggs but some particular: fishes such
as saulies and flying fishes have entwined alenersal e99s. On the other
harld, the najority of demersal fishes usually have denersal eggs. As
a rule, pelagic fishes of the open sea tend to have a greater nunber of
e99s than danersal fishes, and the amount of spalrned eggs (fecundity)
increases r,rith the increase in bodv size of the mother fish.

1.2.2 E!99l:r9srsiE9$-r9lg!1

For nost specj.es of marine fish,
per female (E) ircreases sharply with the boaly length
nother; this can be fomulateil as :

the nuniber of eggs
(1,)  o!  age of the

( 1 )E = a I , + b  o !  n  =  a r - b

(a and b are constants)

h Lhe open sea, the eggs and ]arvae are transported far avray
fron the spawning ground by the ocean culj.ents anal as a result, the

najority of sparrmed eggs perish before hatching or soon after because
of unfavorable food conditions. Thus it could be expected that a vastly
multiparous proaluction of eggs in the case of pelagic fishes l|ust be an
adapt ive strategy necessary for the survivat of  species.

Fecundity of prolificacy of marine fishes can be estimated by
the graviretric, volunetric and Reibisch's netloals, and further analyses
are possible by using the fotlowing formuLal

R =  E t2 )0
where, $ and Y are the hatchlng rate of eggs and the survivat rate of
larwae respectively, and R is the recruitunent.

The stock-recruitnent relationship can be explesseal by eithe!
of the following fonulas for the Ricker type and the Beverton anal BoIt
type reproduction curves, depending on the type of density-dependent

- b E
( Ricke! type) ( 3 )R = a E e

b + I / E
(Beverton E nolt tt'pe) ( 4 )



llhen a significant linear lelationship between E and 1- R/E iE
obtained in Fornula (3), the appllcation of this curve"is useful:

1 R l E = l  a - b E

Sitrdlarly, Formula (4) can be translated into:
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E/R = r/a + lb/a) E

{s)

( 6 )

Thus, we cant get a and b values under the application of linear
regression lines of 1n R,/E on E and E/R on E.

These stock-recruitrnent relationships reveal the fact that a
fish population, even when not exploited, is limited in sizei that is,
it is held at sorne nore or less fluctuating 1evel by naturaf contlols
and these natural controls act strongly in the early stages of the
life history.

2. FIE],D SUR'!'EYS AND REARING EXPERI!4ENTS ON EARLY IIFE TT]STARY

2.1 Eqg anal larval stage

2-1.I  Ecological  value of egg size

It is considered that t}Ie biological value of the
slze of the egg wodld best be inalicateal by the percentage survival of
the offspring 1n the sea, but very fittle evialence with which to test
this assumption has been accumulateal.

Hempel (1955) conducteal rearing experirenta on
larval survival of t$lo unit stocks of European herring and confirmed
that the large-sized eggs containeal nore yolk than the snaU-sized
eggs anal that larvae \rith plentiful yolk reserves could endure starva-
tion longer than the ones with snall sacs (rig. 3).
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FIGURE 3. Dlfferent alewelopnent of lalvae of sumer and lrinter
slxrwners, due to -ilifference in egg size. Developnent
in days at 8oC. ],arvae not fed. p.n.r. = point-of-no
return. The verticaf bars inalicate the dry $eight of
a) yolk and chorion at fertilization, b) of yolk and
Larval body at hatching and c) of the larval body at
the end of the yolk sac stage.

The figures refe! to the aluration of incubatior.,
yolk sac stage snd starvation peliod (after resorption
of the yolk).  (After t lernpel,  1965)

The point-of-no-leturn (PNd in tJlis ftgure neans
the polnt (critical period) at whlch survival is impossible even
though auffj.cient food 1s supplied. Studles on the point-of-no-return
have been carrieal out by nany scientlsts {Lasker et al. (1970), Blaxter
and Ehrl ich (1974),  etc,) .  Examples of PNR are given in Tabl-e 3.

In the cases of both herrlng and plaice, t-he nunber
of days to PNR increases as the lapse of alays after hatching increases.
In other lrords. the abillty of older larvae to enalure starvation ls
stlonger than that of younge! larvae. Thus, the abj.lity to enature
starvation, \rhich al€pends on the quantlty of yo1k, nay be a primary
factor in larval su.rvival.

lt.t it
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Table 3. Days to point-of-no-return (PNR) (After Blaxter anal Etrlich, 1974)

rqe, days fron
Speclea hatching of stage

Days to
PNR

Herrlng 6 end of yolk sac stage

30

6

a
a

7 2

1 5

6

15

2 3

50

7 4

Plalce Enal yofk sac stage

stage 3a

stage 4a

asee Ryland (1966)

Hatching periods of narine fish eggs differ
according to the species but, generafly speaking, the eggs of the low
tanrperature lnhabiting species tenal to have a 1onger hatching tine than
those of the htgh tenperature inhabiting species (Table 2). This nay
be alue to the difference in tenperature of the water nhich each species
inhablts.

The ciitical period of, high nortafity at the young
stages nornally occurs inhealiately after hatching. Therefore, it is of
Utrbst lmportance to obselve and trace the fluctuatinq t ends of stocks
at the staqe just aftei: hatching.

2-1-2 Critical period of, lalval survival

the hypolhesis of a "critical per:iod (of high
nol.tallty rate) " was set up by Ejort (1914). Iljort establisheal that
the year-class strenqth of the Nomegiah herring and cod stocks varied
$ldely and that the strength of a year-class was deter,nineal early in
I ts history. He went on to say, "This [-------J reads us Lo Lhe
question, at which stage of alevelognent the nost critical per:iod ls to
b€ sought, Notning ts known rrith certalnty as to thts, such data as
a!€ aviLable, honever, appear to inillcate the vel.v earllest larval and
yolmg fty Btases as nost illlportant (Hjort, 1914, p. 204, or:tginal
emphasls) " .



The population fluctuation of fishes cones s.bout
in a shifting stage flon one generation to the next; that is to say in
a repxoduction stage, and continues in approxinately the 6ame relatton
to that of other year cfasses throughout the life of the initividuals,
This phenomenon was confirmed for several fish species such as herrrng,
horse rnackerel, sardine etc.. Ahe ftuctuation of stocks in a replioduction
stage would be decided by the nortatity rate during t_he early life
history as Ejort pointed out. Therefole, only 1 percent or less
fluctuations of survival rare in the eally tife stage iroulat bring wialely
alifferent fluctuations of stocks of recruitnent.

The first work which deats crftically with t]|e
ea-rly survival rate of narine fish is that of sette (1943) on ltlantic
rnackerel (Scottlbe! sconbrus) of North America. Figure 4 suggests that
the critical period (a period of high nortality) of, Atlantic nackeret
nay be characterized at age 40 days, of, tarvat ]ength of g-to nm, and
this peiiod coincides with the ensuinq period during the tlansltion
from larva] to post- Ia(val  sLages.

t! l

i-i d ria .r ldr .ri.6

>.. t0

t i rn l  l ! | ]0 l i .nn .

!,to,!!0

t!!,n0

t!,0!!

r ,000
E r

3 ,

I | l

F igure 4.

20 t0 .0 !0 !0----li----ii-
l0[ i l l  dNIs

Sur:vivat of young stages of Atlantic nackeref.
(Fron sette,  1943, Fiqure 17,)

As regards satdi^e lsardcnopg nelaflasticta) of
;tapanese coastal waters, Nakai & Sattori (1962) estinated the survivat
curve aluring the early life history by using the specilnens fron plankton
net sampling.

Figur:e 5 reveals that the number of j.ndlvtdualB
decreases abruptly during the 2-!reek perioal after spaiminq r especlalty
catastrophic mortality is shown at five days after spal|,ning (this period
coinciales with the transition fron hatch to pre-Iarval stages) .
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?|rthm! ir llftnrt htrlhrrth(||rl
f l  r !  1 5 r ,  l l r a

0 r 0 2 0 r 0 4 0 5 0 i 0 r 0
trllnrtra rrnbrl .l a4r dl.r 4||iiir

Fig. 5 survival- of sardines at early stages estimated
from vert ical  col lect ion 1949_51.

(After Nakai & Hattor i ,  1952)

Both cases citeal above seer to proviale evialence
of the ctitical period in the early lif,e history. However, this sharp
drop in the esti$atedl survival curves may arise frdm one of the three
causes; (l) it may actually represent a period of hiqh rortality, {2)
it may represent a period when the larvae are not caught in proportion
to their true ebundance (Fig. 6) (either because of increased swjrninq
anal net-dodging abiuty or because some of then have moved out,
horizontally or vertically, of the i{atet sanpleal by the nets), or (3)
it may represent a temporary period of realuceal .ate of growth.

So the question concerning the existence of a
critical peilod i.rl the early life history of narine fishes cannot yet
be ans-lrereal categorically. Thus, although the fielal data show lreak
points which make stock assessment difficult, the field approach gives
lise to questions lihich enable experimental lesearch to be conducted.
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ninihum probabitity of Sapture, p , as a
function of length for the l-m ne€. Dara fron
Murphy and clutter (1972),  (Afrer.  Barkley, 1972)



2.2 Fectors cont:ioli,inq larval survival

2.2.1 Food densitv

Several, rearing tests to ascertain whether high
larval survivat and growth lates ale ensured by t}te supPly of a high
alensity of fooil have been carrieal out (o'connell and Raymnd (1970)'

tasker et aL. (L970),  saksena and goud€ (1972),  wyatt  (19?2),  Hunter
(1972), Hunter and Thotnas (1974)). These stualieE reveal that under
experj8ental condltions, high larval survival and growth lates are
naintaineal at a proper degree of fooal density. For example' in the case
of Larval anchovy lAnahoa n'i-tchilli), survivaf and grortth rates increase
with the inclehent of pley density until the prey leach a density of 4
tndividuals pe! 1ml of \ rate! (Fig, 7).  That is to say, a density of
pley of at least t-2 individuals,/nl is required for the surivival of
lalval anchovy.

Siidlar woik with marine fish lawae wa6 calried out and has
indicated tl|at various kinals of fish farvae $ere successful in securing a
plope! arbu.nt of food aluring their first sholt perioals of feeding (Table 4)

- 1 2 -

Mean number organisns Per 1l ter

t
6

calculated growth rates of Anchoa nitchilli
Iarvae and mean concentration of food
organism in the rearing tanks during each
experiment. (After Saksena & Honde 1972)

5 0 0  1 0 0 0  1 5 0 0  2 0 0 0  2 5 0 0  3 5 0 0

! ' ig .  7



Table 4.
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Feealing efficiency of narine fish larvae at the end of the
yolk sac stage, anal estilnates of lequileil food concentratiors.
(Feeiling efficiency = t successfuf feeallng sb.ikes)

Fish stualied

length at
first feeding
(nun)

Feeding Required food
efficiency density
(r) (!Lo./71 Reference

CLlpea haPengr6 (BaLtic)

CLupeaha?engug $)o\tns)

Clupea hdrengue (clyd.e,

Sardira pi,LchaPduB

Pleu?onectee pLatessa

E g?anLis notdaa

Belane belone

Rosenthal and
Henpel,  I97O

Rosenthal and
Eempel,  l97o

Blaxte! and
staines, 1971

Blaxtet and
staines, 1971

Blaxter and
staines. 1971

Eunte!, 19?2

Rosenthal,  1970

a

10-1t

8-11

4 - 5

6 - 7

I 2

1

6- 401

< 5

< 5

40- 702

10- 303

50-100

4-42-

105'

-varlation 
due to differ:ent assunptions about accuracy of predation.

-Varlatlon 
between experirnents.

-Valiation betlreen larvae.
-Depenals 

on fooal type.
-Density of At'temia na|uplii required to keep larval digestive tract full.
-Den€ity of rotifers required to meet tnetabol"ic alernand.

goireve! ' the values of density calculated under
expelinrelta1 conditions do not correspond to those calculateal on the
basls of the field survey. This may be owing to uniler-estiration of
prey denstty in the field, as afready pointed out. Both larvae and
pley distri-bute patchily in the field. Thetefore, if early larval stage
a[chovy (even at the yofk sac stage) could ftnd and feed on the patchy
prey in the fiefd, they woulal survlve and grow because t'he available
food woulal be sufflcient.
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2.2,2 Predatton

Predation on fish Larvae is also a rnajo. factot
affecting the sulvi.val of larvae. The prealatols conprise snall planlton,
othe! flsh and adult fish of the same species (cannibausm). Laboratory
stutlies on predation by Copepods or Euphauslld shrinps on ftsh l-arvae
were calried out by Lillelunal anal Lasker (19?4)' rheilacker and Lasker
(19?4). ltrese stualies reveal that plankton such as Copepoilg and
EuphauEiid nay be i.tspoltant predatols of ftsh larvae. Especially within
the adult Euphausiid (copepods) size gloup, feealidg on fish larvae
increased significantLy with tncreasing body size {Fig. 8) and abruptly
decleased wlth the devetognent of the farvaf fish stage (Fig. 9). As
fa.r as predatols such as zoo-plankton are concerned, it is estinated
that they ale abundant at the flsh spawning and nursery grounals.

Thus the problan of predation by various enehies
nust not be ignored,

l tr trL ,uft l t r0utr

= ! l

, t t

= | l

I

Nunbe! of anchovy eaten per day by individual
larval, juvenle, and aalult E. pacifica (oE en
circLes). closed circles indicate the hedtan
nuliber of anchovt' larvae eaten (wlth extrenes
given by the solid llnes) lrhen 7 individuafs were
fed daily for 5 consecutive alays

aa

(Afte!  c.H. Thel lacker ani l  R. Lasker.  1974)
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I
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5 E r

eE2
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F i g .  9 .

+t ri. lruttl| ll .|r.ta) Ptt tlltl

the ef,fect of the age of the anchovl/ larva
and the addition of an extra ptey (Avtenria
nalpli on larval mortality due to predation
by Labidacera tr"ispin sa females. (After
I iUelund & Lasker,  1971)

NESD EOR COMBINED SURVEY (AIELD AND REARING)

As indicated above, t]le research on early life history of narine
fish population can be conducted eitler by neans of fietd surveys or
reatlng stualies. If experimental research by lealing !,rere carlled out
in isolation, it would be far removeal fron natural conalitions. Iherefore,
a two-pronged approach (field and rearing experi-nental surveys) have a
considerable contri.bution to nake to stualies on eggs, farvae and eall,y
l i f ;  h istory vr j th enphasis on stock assessnenE of marine f ish.

As regaxds tropical fish 6pecies, the introduction of rearlng
techniques ptesent both advantages a.Ilal disadvantages. on the one hand,
s rples of e99s anal larvae can easily be obtained from t]te fteld at
any the, because tropical fish species generally have a long spawning
perilod and a short life span- On the olher hand, tropical fish have a
1ow threshold to enviro nental factors such as tenperature, salinity,
etc., that is they are highly sensltive to change in envirorunentat
conditions.

Further progress in setting up rearing techniques can be
achleveal only if the above problems are taken into consialer.ation.

6 l  l [ r r . l l
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